Little progress has been made in understanding the genetic regulation of glycoconjugate synthesis because gene probes are not available for that purpose. This investigation was consequently initiated to clone and to sequence the human galactosyltransferase cDNA in order to provide a DNA probe to study the organization of the galactosyltransferase gene and to study the expression of that gene at the mRNA level under various physiological and pathologic conditions.
A human liver cDNA library was screened with a 60-mer "optimal" oligonucleotide probe whose sequence was predicted from the amino acid sequence of one of the CNBr cleavage fragments from purified galactosyltransferase, and two hybridization-positive clones were isolated.
METHODS

Purification of Galactosyltransferase
Galactosyltransferase was purified from human milk, as described previously (1) using an N-acetylglucosamine affinity column and successive passages through two ~-lactalbumin Sepharose columns.
Amino Acid Sequencing of Galactosyltransferase
The affinity purified galactosyltransferase was reduced and alkylated, repurified by HPLC, and then cleaved with CNBr. The CNBr cleavage fragments were separated by reverse phase HPLC. Fragments up to 20 amino acid residues in length were sequenced manually as described by Tarr (12) , and longer fragments were sequenced using the Applied Biosystems 470A Protein Sequencer. The PTH amino acids obtained from Edman degradation were analyzed by HPLC.
Construction and Radioactive Labeling of the Oligonucleotide Probe
The nucleotide sequence of a 60-mer "optimal" probe ( Fig. la lower line) was deduced from the amino acid sequence of the CNBr cleavage fragment shown in Fig. la (upper line) using the method proposed by Lathe (6) to select "optimal" codons. The 60-mer probe was constructed by first synthesizing two 36-met oligonucleotides with 12 complementary nucleotides at their 3' ends as
Fi 9. 1. ~, Amino acid sequence (upper line) of galactosyltransferase CNBr fragment and corresponding predicted nucleotide sequence (lower line) used to design 60-mer probe, b, Two chemically synthesized 36 residue-long coding (upper) and non-coding (lower) strands with 12 complementary nucleotides on their 3' ends. Synthesis, hybridization and fill-in reaction required for probe construction are described in text.
shown in Fig. lb . The oligonucleotide synthesis was performed by the phosphoramidite method (3) using an Applied Biosystems DNA Synthesizer. The oligonucleotides were then purified by preparative polyacrylamide gel electrophoresis followed by gel filtration using Sephadex G-50.
Hybridizaton of the 36-mer oligonucleotides was conducted in a 10 ~1 volume containing 1X polymerase buffer (40 mM potassium phosphate, pH 7.4, I mM 2-mercaptoethanol, 6.2 mM MgCl2) , and 0.5 ~g each of the two oligonucleotides.
The solution of the two 36-mer oligonucleotides was heated to 90°C for 5 minutes, and cooled to room temperature over a period of 45 minutes. The fill-in reaction was performed in a final volume of 30 ~l containing 10 ~l of the hybridized oligonucleotide solution, I mM DTT, 1 unit of DNA polymerase I, and 250 ~Ci each of 32p-labeled deoxyadenosine, deoxyguanosine, deoxythymidine and deoxycytidine triphosphates.
The reaction mixture was incubated at room temperature for 10 minutes, and was chased for 10 minute at 25oc with i nanomole of each of the four non-radioactive deoxynucleoside triphosphates. The reaction was stopped by addition of 3 ~l of 0.1M EDTA (pH 7.5), diluted to 500 ~l with a buffer containing 10 mM Tris-Cl, 5 mM NaCl, and 0.1 mM EDTA, pH 8.0, and applied to a I x 30 cm G-50 Sephadex column previously equilibrated with the same buffer.
The probe eluted immediately following the break-through volume, and the peak radioactive fractions containing the probe were used without further preparation.
Screening of the IgtlO cDNA library
A Igt10 library, prepared from human liver mRNA as described previously (4, 13), was the generous gift of Axel Ullrich and Lisa Coussens, Genentech, Inc., South San Francisco, CA. The library was plated on Escherichia coli C600 Hfl at a density of 200,000 plaques per 23 x 23 cm plate for the initial screening.
Subsequent screening was conducted on 100 mm diameter plates. Duplicate nitrocellulose lifts were made and hybridization with the 60-mer probe was conducted at 42oc for 14 hours in a solution containing 50% formamide, 2X Denhardt's solution, 5X SSPE, 100 ~g/ml sonicated, denatured Salmon sperm DNA.
The nitrocellulose lifts were washed with 2 x SSC containing 0.1% SDS for 30 minutes at room temperature, followed by a second wash at 37oc for 2 hours, and a final wash at 42oc for i hour.
The hybridized filters were exposed to X-ray film for 2 days at -20oc.
Plaques displaying positive signals on both lifts were selected for purification, which was accomplished by the fourth round of selection. 
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CNBr cleavage products (Fig. 2) . The 8th sequence, which was shown previ- (6), revealed that the probe had 6 mismatches (90% homology) with the longest stretch of perfect matches being 14 base pairs in length (Fig. 3) . This investigation confirms the observation of previous investigators (14, 15) that the use of long synthetic Amino acids 38-57 (overlined) were used to predict the nucleotide sequence of the 60-mer probe. Sequencing of the 1Kbp fragment of isolated human galactosyltransferase cDNA began with the universal M13 primer in the non-coding region.
The dideoxy sequencing reaction was continued into the coding region by sequential priming with synthetic oligonucleotides at the places where the nucleotide sequence is underlined. 
